Considering the high level of air pollution and its impact on health, we aimed to study the correlation of air pollution with hospitalization and mortality of cardiovascular (CVD) and respiratory diseases (ResD) (CAPACITY) to determine the effects of air pollutants on CVD and ResD hospitalizations and deaths in Isfahan, Iran.
Introduction
Air pollution is undoubtedly associated with a variety of diseases, and thus serves as an indirect cause of mortality.
, 2
According to the World Health Organization (WHO) report for 2012, three million deaths throughout the world were attributable to ambient air pollution. Cardiovascular diseases (CVDs) and respiratory disease (ResD) were responsible for respectively 72% and 14% of these deaths.
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Numerous studies, mainly in the developed countries, have evaluated the relationships between air pollution and death or hospitalization due to ResD Original Article Rabiei, et al. ARYA Atheroscler 2017; Volume 13; Issue 6 265 and CVDs. [4] [5] [6] [7] However, there is a shortage of similar research in developing countries where rapid population growth and its consequences such as an increase in air pollution generally raise the disease burden. The mentioned relationships can even be confounded by climatic factors, 8 poor air quality management policies, and inefficient monitoring of environmental factors, The absence of a comprehensive patient information systems have turned the evaluation of the health effects of air pollution in developing countries into a challenge and necessitated further large-scale studies in these areas. 9 Iran, a developing country, has witnessed a rise in air pollution during the recent years. In 2012, 26267 Iranians died due to air pollution and WHO identified Iran as one of the most polluted countries in the world. 10 Although growing research attention has been paid to the subject, only few studies have been performed at large-scale level and have examined the simultaneous effects of pollutants on CVD-and ResD-related hospitalizations and deaths. 11, 12 As an industrial city and the third large metropolis in Isfahan, Iran, has to deal with the problem of air pollution. According to Isfahan cohort study, CVDs are more frequent in Isfahan, even among the youth and women, than in many other populations. 13 Moreover, the high levels of CVD risk factors, particularly unhealthy lifestyle, would gradually increase the incidence of these diseases in the city. The prevalence of diabetes and hypertension in Isfahan has been estimated at 5.6% and 17.3%, respectively 14 and 21.8% of the man population of the city are smokers. 15 The daily sodium intake in the city is 4309.6 ± 1344.4 mg 16 and over half of the population do not have adequate levels of physical activity. 17, 18 The city is surrounded by numerous industrial factories including Mobarakeh Steel Company, Isfahan Steel Company, Isfahan Oil Refinery, and power plants. Following the population growth in recent years, the numbers of motor vehicles and daily commutes, and thus, the levels of air pollutants have increased in the city. 19 Therefore, we performed the correlation of air pollution with hospitalization and mortality of CVD and ResD (CAPACITY). This study evaluated the effects of different pollutants including particulate matter (PM) 10 and 2.5, carbon monoxide (CO), nitrogen dioxide (NO2), sulfur dioxide (SO2), and ozone (O3), on two major outcomes of CVD and ResD-related hospitalization and death, under controlled climatic conditions. In this article, we report the rational, methodology and basic descriptive results of the CAPACITY study.
Materials and Methods
The CAPACITY study was performed in Isfahan from March 2010 to March 2012. Two methods, time series and case-crossover designs, were adopted for the purpose of the study. It is noteworthy that this paper reported the methodology of the CAPACITY study, including data collection, management, and statistical models of data analysis, in detail. However, only descriptive findings of the CAPACITY study were discussed and all other findings will be presented in future publications. 20, 21 It is located 1574 m above sea level with a mean temperature of 15.6 °C, and a mean annual precipitation of 125 ml. It has an arid climate categorized as cold desert climates in the Köppen-Geiger system. 22 However, as Zayanderud has recently changed from a permanent to a seasonal and sometimes even dried out river, Isfahan currently has drier climate. 10 Owing to its industrial conditions and large factories, Isfahan has a relatively high population density. 23 Two thermal power plants are located near Isfahan. Shahid Montazeri Power Plant in the north of the city is one of the largest power plants in the country and generates 1616 MW per day. Isfahan Power Plant, located 75 km southwest of Isfahan, generates 954 MW per day. 24 Two large steel companies are also located in the west and southwest of Isfahan. There is also a large cement plant in the west of the city and an oil refinery in the north 25 (Figure 1) .
The studied population consisted of all residents of Isfahan who were admitted either to hospitals of Isfahan or died due to a confirmed diagnosis of CVDs or ResDs based on the International Classification of Diseases-10 (ICD-10). 26 Hospitals with coronary care units (CCU), emergency wards for cardiac or respiratory patients or cardiology, internal medicine, and respiratory diseases wards (where the target patients were likely to be admitted) in Isfahan were identified in coordination with the Deputy of Treatment. A total of 15 eligible hospitals including 8 universities, 4 private, 1 military, and 2 social insurance hospitals, were identified at the time of the study. Patients' information was collected through the hospital information system (HIS). Trained experts in medical records used patients' files to extract information like treatment, dates of admission and discharge, diagnosis, prescribed medications, lab results, and performed invasive procedures, as well as administrative and accounting information, such as incurred costs, insurance coverage, and health subsidies during the hospitalization period. Then, they entered the data into the HIS. However, clinical examination was not recorded in the system. Data entry was supervised by the treatment deputy of relevant university. The HIS of all hospitals in the country are constantly evaluated and monitored by the Office of Statistics and Information Technology of the Ministry of Health. 27 15 hospitals in Isfahan met the criteria and considered in this study. However, only eight hospitals used the HIS in 2010. The medical record experts of these hospitals entered the final diagnosis for each patient (recorded in patient files by relevant physicians) in the HIS. The diagnoses were recorded based on ICD-10 codes. All emergency admitted patients diagnosed with codes I00-I99 (for circulatory diseases) and J00-J99 (for ResD) were enrolled. The demographic characteristics of the patients (name, father's name, file number, national identification number, sex, age, occupation, home and work address, and insurance coverage) and disease-related information (admission time and unit, type of referral, and final diagnosis) were then extracted by the hospital medical records experts.
In the remaining seven hospitals without HIS, patient files were archived based on the final diagnosis (ICD-10 codes). Therefore, medical record experts were asked to extract the paper files of all patients with CVD or ResD with a diagnosis of I00-I99 or J00-J99. The above-mentioned information was then collected and entered into a designed reporting software package.
In 2011, all hospitals used the HIS, and thus the described procedure used in hospitals with HIS was followed to extract data.
Since all patients with I00-I99 and J00-J99 diagnoses were included, the search results were filtered based on the address (packages) to identify Isfahan residents. Patients' files in each hospital were re-evaluated by two experts to ensure that only Isfahan Rabiei, et al. ARYA Atheroscler 2017; Volume 13; Issue 6 267 residents were included. After extracting the data from all hospitals, the address of 1500 randomly selected patients were checked to confirm not only their place of residence, but also the data management adopted by hospital medical records experts.
In order to obtain mortality data of 2010 and 2011 categorized by cause of death, data were collected from Isfahan's cemetery. The cause of death recording and categorization system in Iran was developed in 2004. In this system, the main cause of death is extracted from death certificates issued by relevant physicians and recorded (as ICD-10 codes) in collaboration with health deputies of universities of medical sciences, the Forensic Medicine Organization, municipalities, and organizations for civil registration. 24 In this study, the characteristics (name, father's name, sex, dates of birth, date and cause of death, and address) of individuals who died of CVDs (I00-I99) and ResDs (J00-J99) were obtained.
Hourly records of air pollutants were collected from air pollution monitoring stations and managed in Microsoft Excel files by the lab experts of Isfahan's Department of Environment. In 20 th March 2010, to 19 th March 2012, PM10, CO, NO2, O3, and SO2 levels were automatically measured and recorded every hour. PM2.5 data were also recorded on 20 th March 2011, to 19 th March 2012. All stations were constantly monitored and calibrated by the lab experts of Isfahan's Department of Environment. SO2, O3, NO2, and CO levels were determined by ultraviolet (UV) fluorescence, UV absorption, chemiluminescence, and infrared absorption spectroscopy methods, respectively. PM10 and PM2.5 measurements were performed using beta attenuation monitoring. 28 The experts of Isfahan's Department of Environment (DOE) examined the collected data and eliminated the outliers by checking the correlation of trend of data in all stations. In order to determine the mean daily levels of pollutants, the average 24-hour levels at each station were first separately calculated. The obtained values in all stations were then averaged to calculate the mean levels in Isfahan. Files related to 24-hour levels at different stations and the whole city were finally used to develop time series and case-crossover files.
Daily temperature, dew point, wind speed, sea level pressure, and visibility data were also collected from Isfahan's Meteorological Organization to eliminate their confounding effects on air pollution and the consequent hospitalization. In order to ensure the accuracy of the collected data, they were compared with available satellite data (an archive of all climatic data recorded at meteorological stations since 1950). 29 In order to create the required files, identification (ID) code was assigned to each row of data in all files (including the patients, deceased, pollutants, and meteorological data). The IDs were developed based on dates, in a way that a specific yyyy/mm/dd/hh code was allocated to each point of pollutant data (8760 points of data in each year). Considering the nature of the data, the IDs were unique in the air pollutants and meteorological data files. However, since several individuals could die or be hospitalized on any particular day, the IDs could be repeated in the patients and deceased files. Oneto-many merging methods were thus administered to build the files. Based on the created file the missing data for air pollutants were shown.
Time series and case-crossover methods were simultaneously applied for data analysis for all objectives of the CAPACITY study. All data analyses were conducted using R version 3.2.3. A confidence interval (CI) of 95% was considered in both Poisson and conditional regression methods. In this paper, we presented only the descriptive findings of the CAPACITY study.
Results
The mean annual O3, CO, and PM10 levels were lower in the second year. In contrast, NO2 and SO2 levels increased by 1.5 and 1.8 times, respectively (Table 1) . In both years, the highest mean levels of NO2 and SO2 were detected in January. The greatest mean levels of PM10 in the first and second years of study were seen in January and April, respectively (Figure 2 ). In the second year, the mean NO2 and SO2 levels were higher than 50 part per billion (ppb) on 182 days. These levels were higher than 100 ppb in about 30 days (in fall and winter in case of SO2 and sometimes in spring in case of NO2). In the first year, however, the mean levels of these two pollutants were higher than 50 ppb only on 50 days. Furthermore, the SO2 and NO2 levels were higher than 60 ppb on only one and five days, respectively. In both years, PM10 increased on similar days of the last month of fall, late spring, and early summer. In the second year, the increments in PM2.5 had a similar trend to that of PM10.
The total number of hospitalized patients in Isfahan was 23781 in the first year and 22485 in the second year of study. The mean age of the selected individuals in the first and second years was 52.55 ± 25.26 and 54.98 ± 23.59 years, respectively.
Air pollution and cardiovascular-respiratory disease Moreover, 53% of the patients in both years were men. The frequency of CVDs in the mentioned years were 18397 (77.36%) and 16990 (75.56%) individuals, respectively. Table 2 presents the frequency of different causes of hospitalization and the mean age of the patients. Ischemic heart disease was responsible for the greatest numbers of hospitalizations in both years. Among the ResDs, chronic lower ResDs was the most frequent cause of hospitalization in both 2010 (n = 1583, 29.40%) and 2011 (n = 1,415, 25.75%). In both years, all diseases, except for hypertension, were more prevalent in men than in women.
The largest numbers of hospitalization for ischemic heart diseases, hypertension, and heart failure were seen in winter 2011 and fall 2011. The greatest hospitalization frequency for all ResDs was in the winters of both years (Figure 3) .
Discussion
The world's first severe air pollution and smog events occurred in Pennsylvania and London in the mid-20 th century, after World War II. 30, 31 Increased mortality following these events highlighted the health effects of air pollutants and motivated health policymakers to perform epidemiological studies to determine such impacts. As a result, the first studies on air pollution were conducted. 29, 32, 33 Over time, similar studies were performed in different developed countries and air pollution reduction strategies were implemented accordingly. Considering the trend of population growth in Iran and the consequent increase in the number of motor vehicles, changes in lifestyle, and industrial developments in Iran, further researches are required to clarify the health effects of population growth and industrial development, particularly air pollution. Owing to considerable development in Isfahan, a major employment and industrial hub in Iran, during the past 50 years, the city is now facing several problems including air pollution. Studies to quantify the health impacts of air pollution in this city are hence critical. In the CAPACITY study, we aimed to determine the effects of air pollutants on various diseases. Therefore, we collected the CVD and ResD-related mortality and hospitalization data (a total of 54266 cases) over a two-year period from relevant organizations. We also evaluated 266926 hourly records from six air pollution monitoring stations.
According to the initial results of CAPACITY study, the mean annual levels and most mean daily levels of pollutants in 2010 and 2011 were higher than the standard levels determined by the WHO. 34 While the WHO allows PM10 > 50 µg/m 3 on only 35 days of the year, the mean daily levels of this pollutant were higher than 50 µg/m 3 on over 80% of the days in both years. Moreover, SO2 and NO2 levels were considerably increased in 2011. Based on the WHO guidelines, the standard 24-hour and annual SO2 levels should be respectively below 48 and 19 ppb. The mean annual levels of this pollutant were higher than the allowed level in both years. It was actually 2.5 times higher than the allowed level in 2011. The mean daily levels of this gas were also higher than the allowed level in over half the year in 2011. In 2010, the number of days with high SO2 levels was much lower than that in 2011. As stated by the WHO, the mean annual NO2 levels should be less than 21 ppb. The mean level of this pollutant was 34 ppb in 2010 and 49 ppb in 2011. Therefore, the air pollution status in 2010 and 2011 was worse than the WHO recommendations. According to the available statistics, fuel oil and diesel consumption were higher and gas consumption was lower in 2011 compared to 2010. Since the largest amounts of SO2 are produced in power plants run on fuel oil and high-sulfur diesel, higher levels of this pollutant in 2011 can be related to the increased use of these two fossil fuels.
Similar to previous research in other countries, the CAPACITY study used the HIS to collect the frequency of the selected diseases. Since health and mortality-related data are recorded in various national systems including the civil registration and hospital records, benefiting from the existing data seems to be the optimum and cost-effective choice for many studies. Registration systems have also been used in a large number of studies on air pollution. For instance, a study in Taiwan used the National Health Insurance (NHI) Program, which covers over 98% of the population, and the casecrossover design to evaluate the relationship between PM10 levels and ischemic heart disease hospitalizations. 35 A case-crossover study in South Africa on the relationship between respiratory, cardiovascular, and cerebrovascular mortality and different pollutants obtained mortality data from the Health Information and Technology Department. 36 In an eight-year study, Wichmann et al. examined the relationship between PM10 levels and hospitalization for myocardial infarction. They extracted the diagnoses, as well as patients' age and sex, from the National Ambulatory Care Reporting System (NACRS) database maintained by the Canadian Institute for Health Information (CIHI). 36 The HIS has introduced to Iran's health system about 10 years ago. The Ministry of Health has evaluated and monitored the system three times ever since. Owing to the data recorded in the HIS, the system can serve as an invaluable source of information in various studies. Nevertheless, the possible use of different approaches to data entry in 2010 and 2011 might have been responsible for the decreased rate of hospitalization in 2011.
Research on the health effects of pollutants is relatively new in Iran. Recent increases in pollutants in different cities in the country, especially in the western and southwestern areas, have necessitated studies on the relationship between pollutants and disease incidence, mortality and generally its burden on health. Most previous studies, however, have adopted the WHO's air quality (AirQ) model to examine the burden of disease caused by air pollutants in various cities of Iran. A previous study estimated the proportion of cardiovascular and respiratory mortality attributable to air pollutants in 2011 in Tehran. 37 A series of studies in Ahwaz used the AirQ model to calculate the proportion of cardiovascular and respiratory mortality attributable to PM10, CO, SO2, and NO2. 38, 39 Another study in Sanandaj, Iran, used the same software to determine the proportion of cardiovascular and respiratory mortality attributable to PM10 in 2013. 40 One of the few efforts to directly measure health impacts was performed by Ebrahimi et al. who evaluated the relations between dust storm and cardiovascular and respiratory admissions. The study subjects were patients with cardiovascular and ResDs who received medical services from the Center for Disaster Management and Medical Emergencies (CDMME) in Sanandaj during dust event days. According to Pearson correlation analysis, the incidence of dust storm significantly increased the frequency of emergency admissions. 41 While the mentioned study only evaluated the effects of PM10 during dust event days on emergency admissions, the present research applied the time series and casecrossover designs to examine the effects of all pollutants during the whole year.
Qorbani et al. were among the first to use the case-crossover design in Iran. They sought to clarify the relationship between admissions for the acute coronary syndrome and CO and PM10 levels 24 hours before admission among 250 patients in a hospital in Tehran. Their findings indicated a significant association between the risk of admission and CO levels 24 hours before admission [odds ratio (OR) = 1.18]. However, no such a relation was observed in case of PM10. 12 Despite its novelty in 2012, this study had a small sample size. Khamutian et al. adopted the time series design and found significant relationships between CO, NO2, and O3 levels and admissions for asthma to seven large hospitals in Kermanshah. 42 Although the study evaluated all emergency admissions to seven large hospitals during two years, they only studied the relation between PM10 levels and asthma.
A number of studies have also assessed the associations between various diseases and air pollution in Isfahan. Mansourian et al. conducted a time series analysis to determine the relationship between ResD admissions in children and different air pollutants during 2005 and 2006. They randomly selected 120 children who were hospitalized for ResDs. Poisson regression analysis revealed significant associations between the admission rate and SO2-CO, SO2-PM10, and PM10-CO levels (β = 0.937, 0.930, and 0.952, respectively). 43 Meanwhile, in the CAPACITY study, the relationship between five air pollutants with all CVD and ResD hospitalization and mortality in all age groups were measured. A case study during 2005-2009 reported the higher frequency of cardiovascular mortality in more polluted cities of Isfahan Province. 44 Apparently, previous studies in Iran have highlighted limited associations between a number of diseases and air pollution indices or some pollutants. However, to the best of our knowledge, this study was the first in Iran and the Middle East region to examine the relationship between cardiovascular and respiratory mortality and hospitalization in general and levels of six pollutants (as quantitative independent variables). The large sample size, the diversity of the pollutants and outcomes, and the simultaneous administration of time series and case-crossover methods have added to its strengths.
This study, however, has some limitations. First, the data was previously collected by the HIS. Although we believe that the emergency and elective admissions could be easily distinguished in the HIS, the systems used in the selected hospitals were not designed by a single company. Thus, it led to differences in the recorded data. Therefore, after descriptive analysis of the collected data, we realized that we should delete the elective patients of our database and consider the only emergency admitted patients. Based on our experience and the increasing interest in the use of data registration systems in scientific research, data entry and usage in the HIS have to be updated.
Conclusion
In conclusion, the CAPACITY study showed that performing large-scale studies, at the level of cities or even the country, requires coordination between and data from several organizations. However, data collection using field questioning at any single organization is both costly and time-consuming. Data collection at this level facilitates the development of various models and the application of different analytical methods. Therefore, the results of the CAPACITY study can be beneficial to the design of future studies, development of research policies aiming at the use of national registration systems, and modification of the existing policies for the extraction of health indices. Moreover, our findings can provide health researchers, authorities, and policymakers with fresh insight into the health impacts of air pollution and thus facilitate the development of effective preventive strategies. These results can also be compared with the results of similar research in other countries.
